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The size and size distribution of NMs in number-based DLS measurement mode is interesting for a better comparison with other number-based techniques. To compare DLS data to number-based NTA data, a calculation based on the refractive index and the absorption of the used NMs is possible. While both size distributions are correct, some assumptions need to be taken into account:
a. The involvement of the Mie scattering for the more complicated scattering process for particles much smaller than the wavelength of illuminating light (633 nm for Zetasizer ZS, 640 nm for ZetaPALS) b. Known optical properties of the investigated NMs c. good raw data quality (broader distributions or high polydispersity can significantly influence the transition from intensity-based to number based distributions)
In our case, we decided to use the intensity-based distribution only, as there are no assumptions needed compared to the transformation into number-based distributions. 
Figure S8: CRM surface investigations
CRM was applied to study the organic constituents on the surface of the NMs. Figure S8 shows the average Raman spectra of TiO 2 NMs extracted from their spectral images based on the intensity distribution of E g band of rutile phase, 450 cm -1 [2] . The spectra were weighted to integral intensity of NM phonon bands. For both particles, four main peaks are observable. The peak around 1000 cm -1 is a double peak consisting of 988 cm -1 induced by ring stretching and 1006 cm -1 attributed to ring deformation. These peaks indicate the presence of an aromatic ring structure associated with the particle surface. The region from 1500 to 1700 represents an overlap of different possible structures, e.g. cyclic compounds, double bounds and amide bands [3] . The high variety of possible structures makes clear assignments complicated [3] . The CH 2 /CH 3 vibration modes were detected in the region from 2850 to 3000 cm -1 attributed to symmetrical and asymmetric CH 2 and CH 3 stretching vibrations and at 1450 cm -1 related to δ(CH 2 ) and asymmetric δ(CH 3 ) deformations [3] . These bands can be associated with aliphatic compounds. The Raman spectra of the hydrophobic NM103 revealed a higher concentration of organic surfactants and aromatic compounds on their surface compared to NM104 NMs. Both NMs exhibit decreased signals of aromatic and aliphatic compounds on their surface after the treatment with ultra-sonic compared to particles without ultra-sonication. This reveals a loss of organic compounds during the ultra-sonication step. The bands associated with CH 2 /CH 3 vibration modes exhibit the same extent of intensity decrease for both TiO 2 NMs comparing BSA and DMEM conditions as observed by element analysis ( Figure S10) . Furthermore, the analysis of phonon bands revealed that the crystal structure of both TiO 2 NMs was not affected during the particle preparation process. In stock dispersion the albumin concentration is 0.5mg/ml. In DMEM containing FBS the albumin content is about 2mg/ml and about 2.7-4mg/ml other not more specified proteins are included. In addition, the dilution into DMEM was done out of stock dispersion, which already contains 0.5 mg/ml albumin. Using a dilution factor of about 25, 0.02 mg/ml from the BSA stock dispersion, as well as 2 mg/ml albumin and 2.7-4 mg/ml other proteins results in an about 10-times higher protein concentration of DMEM compared to BSA. Figure S11 shows the distribution of all nanoparticle agglomerates for aluminum nanoparticles and all the different chemical entities (polyoxo-aluminum complex, aluminum-(III)-serine, leucine aluminate and phenylalanine aluminate) separated for each chemical species. All chemical species are clearly separated from each other and located in different areas of the image as specific single agglomerates, which do not co-locate with each other. Figure S12 shows the magnified area, where predominantly Al 2 O 3 NMs (shown in purple) agglomerates are located. In these areas of the DMEM with Al 2 O 3 NMs single agglomerates, which do not co-localize, made of different chemical entities can be found. Figure S13 shows a magnified area, where larger agglomerates can be found, which largely consist of polyoxo-aluminum complexes and aluminum-(III)-serine. Figure S14 shows a magnification of one of the agglomerate areas. Here regions can be spotted, where polyoxoaluminum complexes (depicted in blue) and aluminum-(III)-serine (depicted in green) co-localize (see red circles) and areas, where phenylalanine aluminate (depicted in orange) and aluminum-(III)-serine (depicted in green) co-localize (orange circles) as well as areas, where Al 2 O 3 NMs (depicted in purple) and aluminum-(III)-serine (depicted in green) co-localize in the same location. These areas may be agglomerates, where a beginning mineralization combines different chemical entities in larger agglomerates. ToF-SIMS was used to visualize TiO 2 NM103 and TiO 2 NM104 as well as nanoparticle agglomerates in DMEM to assess the chemical composition of the nanoparticle agglomerates. The analyses revealed nanoparticle-specific agglomerates, consisting of TiOH + amino acid complexes TiO 2 amino acid complexes were identified previously as one possible absorption mechanism and it was shown that there was selective absorption of serine on TiO 2 surfaces in benthic microbial fuel cells [4] . Also, adsorption of phenylalanine could already be observed on TiO 2 nanoparticles [5] . Figure S15 shows the ToF-SIMS image for TiO 2 NM103 (left) and TiO 2 NM104 (right). Larger agglomerate areas (purple circles in Figure S15 , left and right), where TiOH + -leucine complexes are present in higher amounts, can be distinguished from areas with predominantly smaller NM agglomerates, made predominantly of TiOH + -serine in Figure S15 (left) showing TiO 2 NM103 while in Figure S15 (right), in addition to TiOH + -serine, TiOH + -phenylalanine aggregates can also be found (see red arrows in Figure S15 
